c 




6 




- ^Jf^^/^ FigureS illustrate the use of the blm NRPS and PKS enzymes to synthesize a 

variet^of hybrid polyketid^eptide molecules including, but not limited to, a family of 
oxazolines/oxazoles, and thiazmhje/thiazoles. Figure 6A synthesis using BlmlX, Blm VIE, and 
| BlmVTL Figure 6B synthesis using NRPS, Blm VIE, and BlmVH Figure 6C synthesis using 
BlmlX, BlrnVm, and BlmVH. Figure (ib^vnthesis using BlmK, BlmVEI, and NRPS (C, A N , 
PCP). Figure 6E synthesis using BlmlX, BlmVm and NRPS (C, A c , PCP). Figure 6F synthesis 
using BlmlX, BlmVIH, and NRPS (C, A c , PCP, 
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In the Specification. 



Delete the paragraph at page 15, lines 13-15 and insert the following: 



^X^y The nucleic adds comprising the blm gene cluster are identified in Tables I and II and 
Tsted in the sequence listing pWided herein (SEQ ID NOS: 1 and 2, GenBank Accession number 
AF210249 (which replaces sequence AF149091), and SEQ ID NO:3, GenBank Accession number 
AF210311). In particular, Table I id^itifies genes and functions of open reading frames (ORFs) 
responsible for the biosynthesis of the Hybrid peptide/polyketide/peptide backbone and sugar 
moieties of bleomycin, while Table II idemtfies a number of ORFs comprising the blm gene cluster, 
identifies the activity of the catalytic domain encoded by the ORF and provides primers for the 
amplification and isolation of that orf. 



Delete the Table 1 at pages 19-20 and insert the following: 



Table I. Determinecf<unctions of ORFs in the bleomycin biosynthesis gene cluster 



Gene 


/bmno acids 


Sequence Homolog 1 


Proposed function' 1 ' J 


orfB 


424\ 

SEQ LD\0: 115 


YqeR (BAA12461) 


Oxidase 


orfi (blmC) 


498 \ 

SEQ ID NO: 


RfaE (AAD07904) 


NDP-glucose synthase 


orf 10 (blml) 


90 \ 

SEQ ID NO: 113 \ 


GrsB (P14688) 


Type II PCP 


orfll (blmD) 


545 x 
SEQ ID NO: 112 


^0(11(^53515 


Carbamoyl transferase 


orfl2 (blmE) 


390 

SEQ ID NO: 111 


RfaS(AAD16056) 


Glycosyl transferase 


orfl3 


187 

SEQ ID NO: 1 10 


MbtH (0^5821) 


Unknown 
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orfl4 (blmtl) 


462 

SEQ ID NO: 109 


iNrp (CAAvoyj / ) 


iNJvro conucnsaiion enzyme 


orflS \ 


339 

\SEQ ID NO: 108 


SyrP (1890776) 


Regulation 


or/16 (blmlll) 


SEQ ID NO: 107 


HMWP2 (P48633), McbC 
(P23185) 


A PCP Ox 


or/17(blmIV) 


2621S 

SEQ K? NO: 106 


HMWP2 (P48633) 


C A PCP Cy A PCP Cy 


or/18 


638 \ 

SEQ ID NO: 105 


AsnB (2293165) 


Asparagine synthetase 


orfl9 (blmF) 


494 \ 
SEQ ID NO-SJ04 


RfbC (Q50864)/BlmOrf 1 
(507319) 


Glycosyl transferase/p- 
hydroxylase 


or/20 (blmG) 


325 \ 
SEQ ID NO: 10\ 


YtcB (2293288) 


Sugar epimerase 


or/21 (blmV) 


645 \ 

SEQ ID NO: 102 \ 


McyB (2708278) 


PCP C 


or/22 (blmV!) 


2675 \ 
SEQ ID NO: 101 > 


ACoAS (1658531), PksD 
(S73014) 
\SnbDE (CAA67249) 


A 4 ACP C A PCP C A 


or/23 (blmVII) 


1218 

SEQ ID NO: 100 


SVE (3510629) 


C A PCP 


or/24 (blmVIII) 


1841 

SEQ ID NO: 99 


HM^Pl (CAA73127) 


KS AT MT KR ACP 


or/25 (blmlX) 


1066 

SEQ ID NO: 98 


SafB(lf?1128) 


C A PCP 


or/26 (blmX) 


2162 

SEQ ID NO: 97 


TycC (26237^3) 


C A PCP C A PCP 


or/27 (blmXI) 


688 

SEQ ID NO: 96 


SyrE(3510629)\ 


NRPS condensation enzyme 


or/28 


239 

SEQ ID NO: 95 


SC9C7.04C (CAA2i716) 


Unknown 


or/29 


582 

SEQ ID NO: 94 


YvdB (CAB08068) \ 


Transmembrane transporter 


or/30 


113 

SEQ ID NO: 93 


SmtB (P30340) \ 


Regulation 


or/31 


117 

SEQ ID NO: 116 


PhnA (P16680) ^ 


.Unknown 



Delete Table II at pages 21-23 and insert the following replacement Table II: 



Table II. Blm gene cluster open reading frames (ORFs) and primers for ORF amplification 



Orf# 


Activity 


Method 


Primers 


Seq 








Forward 


ID 








Reverse 


No. 


orf-8 


Oxygen-independen\ 


Gapped-blast 


F: ATGAGCCACGCCATCGGA 


5 


SEQ ID NO: 115 


coproporphyrinogen \ 


comparison 1 


R: TC AGGC GC GTTC GGGGGC 


6 




III oxidase 








orf-9 


ADP-heptose synthase 


Gsmped-blast 


F : GTGAAC AC C G ACC TGC C C 


7 


SEQ ID NO: 114 


(blmQ 


comparison 1 


R: TC ATGGGGTGTC TC C C TC 


8 
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orf-10 \ 
SEQ ID NO: 113 


Peptidyl carrier 

protein 

(blml) 


Expression and 

biochemical 

characterization. 2 


F: ATGAGCGCCCCGCGGGGC 
R: TCACCGGTCCCGCTCCCC 


9 

x U 


orf-11 \ 
SEQ ID NO: VI 2 


Carbamyltransferase 
(blmD) 


Gapped-blast 
comparison 1 


F 
R 


ATGAGCGCCGACCCGTCC 
TC ATG AGC GGGC C GC C GT 


11 


orf-12 \ 
SEQIDNO:lll\ 


ADP-heptose:LPS 
heptosyl transferase 
(blmE) 


Gapped-blast 
comparison 1 


F 
R 


ATGACCACCCCCATGACC 
TCATGGGGTACTCCTGAT 


13 
14 


orf-13 

SEQ ID NO: HO 


^lomolog of mbtH in 
the synthesis of 
nwcobactin 


Gapped-blast 
comparison 1 


F: ATG AC C AC G ACC C C GC GG 
R: TCAGGTGCCGGACACGCG 


15 

1 c 

lb 


orf-14 

SEQ ID NO: 1 09 


Peptide synthetase 
(condensation, blmll) 


Gapped-blast 
comparison 1 


F: GTGACCGCCCCCGGCACA 
R: TCATCGGTGGCTCCTCGT 


17 
lo 


orf-15 

SEQ ID NO: 1 08 


Regulatory gene 
(homofbg of syrP) 


Gapped-blast 
i 

comparison 


F 
R 


GTGAACCGGCACGGCCCC 
TCACGCGCTCACCTCGTC 


19 
z U 


orf-16 

SEQ ID NO:l07 


MutatedV»eptide 
synthetase^ oxidase 
(NRPS-0, bhnllT) 


Gapped-blast 
i 

comparison 


F 
R 


GTGAC GAGC GCC C GGC C C 
TCACGGGGCCTCCGTGCG 


21 
z z 


orf-17 

SEQ ID NO:l06 


Peptide synthetase 
(NRPS-2-l,^ftm/V) 


Expression and 

biochemical 

characterization. 2 


F: ATGCTGCACGGCGCCGCG 
R: TCACTCCGGTCCACCTCC 


23 

O A 
Z 4 


orf-18 

SEQ ID NO:l05 


Asparagine synthetase 


Gapped-blast 
comparison 1 


F 
R 


GTG AGGC C C GTGTGC GGC 
TCAGCCACCGTTGCCGCC 


25 

z 0 


orf-19 

SEQ ID NO:l04 


Homolog of \ 
hydroxylase- \ 
dehydrogenase (blmfo 


Gapped-blast 
comparison 1 


F 
R 


GTGAAGG AC C TC GGC C GG 
TCACTCCCCCGGTGCCGG 


27 
z o 


orf-20 

SEQ EDNO:l03 


Nucleotide-sugar \ 
epimerase \ 
(blmG) 


Gapped-blast 
comparison 1 


F: GTG AC ATGG AC C GTGGTG 
R: TCAGGCATCGGCCCTCCC 


29 
j u 


orf-2l 

SEQ IDNO:l02 


Peptide synthetase 
(NRPS-3CT, blmV) 


foapped-blast 
comparison 1 


F 
R 


ATGCGCGGGCATGACGAC 
TC AC GGTGTC TC TC C C TC 


31 

*3 0 
J Z 


orf-22 

SEQ ID NO:l0l 


Peptide synthetase 
(NRPS-5-4-3, blmVl) 


Expression and 

biochemical 

characterization. 2 


F 
R 


ATG AGCC GGC C GGC C GGC 
TCATGCTCGGTCATCGCC 


33 


orf-23 

SEQIDNO:l00 


Peptide synthetase 
(NRPS-6, blmVII) 


Expression and 

biochemital 

characterization. 2 


F: GTGACCACGCCCCGCATC 
R: TC ATTC GGGACGC GGGC A 


36 


orf-24 

SEQ ID NO:99 


Polyketide synthase 
(blmVIII) 


Gapped-blak 
comparison 1 \ 


F: ATGAGCCATGCCGACGCG 
R: TCACAGCACCACCTCTTC 


37 
1 ft 


orf-25 

SEQ ID NO:98 


Peptide synthetase 
(NRPS-7, blmlX) 


Gapped-blast \ 
comparison 1 \ 


F: ATGACCCCGGCCGCCGAC 
R: TCATCGTCCGCCGCCTTT 


39 

A ft 
4U 


orf-26 

SEQ ID NO:97 


Peptide synthetase 
(NRPS-9-8, blmX) 


Gapped-blast ^ 
comparison 1 


F: ATGCCTCGGTGTGCCCGA 
V: TCATTCGGCGGCACCTCC 


41 

A O 
4z 


orf-27 

SEQ ID NO:96 


Peptide synthetase 
(condensation, blmXJ) 


Gapped-blast 
comparison 1 


F\; GTGGGTTTC C GTC GAGC G 
R \ TT AC AC C C TC C GTTTC TC 


43 

A A 
44 


orf-28 

obQ ID vyKJ.yj 


Phosphatidylserine 
decarboxylase 


Gapped-blast 
comparison 


F : YtGGCACAGGACCTGAAC 
R: TfcAACGCCACCGGATCTT 


45 
46 


orf-29 

SEQ ID NO:94 


Transmembrane 
transporter 


Gapped-blast 
comparison 1 


F: GTfeAGCTCCCTCGCCGTC 
R: TCAFCGTCGGGCACTCGG 


47 
48 


orf-30 

SEQ ID NO:93 


Metal dependent 
regulatory element 


Gapped-blast 
comparison 1 


F: GTGCfc GGTTC C GC TGT AT 
R: TCACCGGGCACTGACCTC 


49 
50 


orf-31 

SEQ ID NO: 116 


PHNA homolog 


Gapped-blast 
comparison 1 


F: GTGAC OGAGAAC C TTCC G 
R: TCAGACC^TCTTGACCAC 


51 
52 
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ort-32 \ 


Peptide synthetase 


Gapped-blast 


r 


A11jVjL.L. 1V-AAjAV_,\jC X lib 




oby ID NU:1 ly 


(INKro-ll-iU) 


comparison 


p 


TP & TT^ A P A P TP PTP PTP 


54 


ort-33 \ 


Putative transporter 


Gapped-blast 


TP 

r 


atp atp a aptp a Accruer* 


j j 


OT7/"\ TT"\ MA. 1 1 O 

bb(j ID NU:1 lo 


V 


comparison 


p 


TP APTPPpTT AP A AHHAR 


56 


ort-34 


Homolog of 


Gapped-blast 


r 


AHjAL. 1 oAA-V^ 1vjL.\-o a XVj 


R7 
j / 


obij ID JNU:1 ly 


claVaminic acid 


comparison 


p 


TPAP APPAPP APPPAPP/T 


58 




synthase 










ort-33 


Thioestesase 


oappea-oiast 


t? 
r 


ATPPATTTPPPPPTP app 


59 


PT7/\ TT"\ MA.IOA 

SEQ ID NO: 120 




comparison 1 


p 

K 


TP A TPPPPPT A PPTPPPP 


fin 


ort-io 


: -V 

Putative transporter 


oappea-Diast 


r 


A TP, A P P P,P PP PP PTPP AP 


61 


CPA TF\ MA. Ill 

SEQ ID NO: 121 




comparison 1 


p 


TP A P TP P TP PPP TTP PPP 


62 


ort-3 / 




Unknown \. 


oappea-Diast 


r 


PTPTP P A A P. A A P PPPPP P 


63 


CCA TT"\ MA. 1 OO 

SEQ ID NO: 122 




comparison 1 


p 


TP ATPPPPTPPPPTPPTP 


U *i 


r i o 

orf-38 


Peptide synthetase 


NXjapped- blast 


T-l 

r 


AT^PTiPPPTP SPPPTPPPP 


6 R 




/vrppc n\ 
^i\Jvro-lZJ 


Lcs^nparibun 


R 


TPAPTCGGGCACTCCTTC 


66 


oriov 


Keguiaiory gene 


VJappCU- V lab I 


p 


GTG AG C GGTTC C GTAAC G 


67 


SEQ ID NO: 124 


(homolog of SyrP 


comparison 1 


R 


TC ATG AGTC C GC C GAGGT 


68 


orf-40 


Peptide synthetase 


Gapped-fjl^st 


F 


ATGAC AGAGGTC C GAGGT 


69 


SEQ ID NO: 125 




comparisonN^ 


R 


CCCGGCAACCGCCCTCCC 


70 


orf-41 


4'- 


Expression andN^ 


F 


GTGATCGCCGCCCTCCTG 


71 


SEQ ID NO: 126 


phosphopantetheinyl 


biochemical 


\ 


TT AC GGGAC GGC GGTCC G 


72 




transferase (pptA) 


characterization. 2 









Delete the paragraph on page 69, line 17 through page 70, line 20 and insert the 



following: 



hj: y The sequenc&^pf the 1 ,76 1 -bp BamHL-Sall fragment was analyzed for coding regions 
by u«ing the CODONPREFERSNCE and TESTCODE programs of the GCG package (Genetics 
domputer Group, Madison, Wisconsin). Two complete ORFs (pptA, orf3) and two incomplete 
ORFs (orfl, orf4) were identified within the sequenced region (Figure 13). The first ORF from left 
to right (designated orfl) starts out of the^analyzed area and ends with a TGA codon at position 248 
of the sequenced fragment. Comparison ofthe deduced product of orfl with proteins encoded by 
nucleic acids in databases showed similarities\ith Rv2795c from Mycobacterium tuberculosis 
(GenBank AL008967) and SC5A7. 22 from 5. akticolor (GenBank AL031107), both of unknown 
function. The second ORF, pptA, contains the sequeKce amplified by PCR and used for the cloning 
of this locus. It comprises 741 nucleotides, starting witH\a GTG codon (position 245) which is 
coupled to the stop codon of orfl, and ending with a TAMx)don. The starting codon of pptA is 
preceded by a potential ribosomal binding site (RBS), GGGAG. The overall (76. 6%) and third 
codon position (93. 9%) G+C contents and the codon usage of pfafA are similar to those found in 
other Streptomyces genes, with the exception of the stop codon (TAA), which is most uncommon in 
this group of organisms (Wright et al. Gene (1992) 1 13:55-65). The\prA gene encodes a protein of 
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246 amino ac^ds with a predicted molecular mass of 25,619 Da and a pi of 4. 76, which contains the 
conserved PPTase motifs. Databases searches with PptA showed significant similarities to the 
putative actinomycete PPTases (39-52%/48-61% identity/similarity) and to confirmed bacterial 
PPTases such as EmD from E. coli (17%/24% identity/similarity) (Lambalot et al. Chem. Biol 
(1996) 3:923-936). The third ORF, orf3, is separated from pptA by an apparently noncoding DNA 
region of 153 bp, and it transcribed in opposite and convergent direction with respect to orfl-pptA. 
The gene orf3 comprises 240 nucleotides, starting with an ATG codon (position 1358) and ending 
with TGA. The starting codorkof orf3 is preceded by the sequence GAAGG, a potential RBS. The 
deduced product of orf3 encodesSa protein of 79 amino acids with a predicted mass of 7,555 Da and 
a pi of 7. 17. The Orf3 protein shoWs similarities to the N-terminal region of SC5H1. 35c, a protein 
of unknown function from 5. coelicohor (encoded by nucleic acid sequence in GenBank AL049863). 
Analysis of Orf3 with the SignalP program (Nielsen et al. Protein Engineer, (1997) 10:1-6) predicts 
an N-terminal signal peptide which would\e cleaved between residues 27 and 28 (ALA-DS), 
suggesting that the mature protein (52 aminoWids, 5,099 Da, pi 4. 31) would be secreted. Between 
orf3 and orf4 there is an apparently noncoding region of 251 nucleotides. The orf4 gene is 
transcribed in opposite and divergent direction witV respect to orf3. It starts with an ATG codon at 
position 1610, preceded by a potential RBS (GGAG&, and ends out of the sequenced fragment. 
The deduced protein product (50 amino acids) of the incomplete orf4 contains a potential NAD/FAD 
binding motif, GXGX 2 GX 3 GX 6 G (SEQ ID NO:92) (Scru\n et al. Nature (1990) 343:38-43), 
showing low similarities to diverse oxidoreductases. 



In accordance with 37 CFR §1.121 a marked up version of the above-amended 
paragraph(s) illustrating the changes introduced by the forgoing amendment(s) are provided in 
Appendix C. 

In the Claims: 

teasecancel the following claims without prejudice to subsequent renewal: 5, 15, 
17, and 72. 

Please amend the claims by substituting the following claims for the corresponding 
previously pending claims of the same number(s): 



